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FOREWORD

This work was conducted under the Mutual Educational and Cultural
AN _ Exchange Act of 1961, Pubiic Law 87-256. It is being published under Task
2 1C622401A10204, Detecticn and Warning Investigations (U).
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Th. szurvey was made during Septemher 1945, while the author was
on a leave of absenca.

Reproduction of this documaent in whola or in part is prohibited
except with permission of the Commanding Officer, US Army Edgewood Arsenal,

ATTN: SMUEA-TSTI-T, Edgewood Araenal, Maryland 21010; however, DDC !
is authorized to reproduce the document for United States Government purposes,




DIGEST

The literature on the photochemistry of heterocyclic compounds
Was surveyed with a particular interest in pyridine chemistry.

This listing of re{erences was compi ed as & result of searching
volumes 41 to 61 of Chemical Abstracts under the headings light, photockem-
istry, and pyridine. References to earlier work may be found in The Action
of Ultraviolet Rays by C. Ellis and A, A, Wells (Reinhold Publishing Corp.,
New York, New York, 1941).

A complete survey of the photochemistry of heterocyclic compounds
requires searching under each heterocyclic~-ring heading., This presents a
challenge that could not be met. Additional references may be found, however,
in Praparative Organische Photochemie by A. Schnberg [Springer-Verlag,
Berlin-Wilmeradorf (West). Germiny, 1958] and in the Advances in Photochem-
istry series (Interscience Publishers, Inc., New York, New York, 1963).
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THE PHOTOCHELISTRY OF HETEROCYCLIC COMPOUNDS
A Literature Survey

1. INTRODUCTION.

The US Army is interested in photochemistry for use in the fields
of detection, stability of reagents, and syniues:s, .o moatiop a faw, Thie liat-
ing of references provides ;. convenient source of citations for researchers
faced with preblems in photochemistry. References are listed alphabetically
by author, and keywords are listed beside each reference as well as in an
alphabetical index. The titie following the author's name is either a para-
phrased journal article title or, in instances whers the article was not en-
tirely about the photochemistry of heterocyclics, an indication of that part
of haterocyclic photochemistry with which the article dsalt.

I REFERENCE LIST.

Rhodopain 1, Adams, R. G. Flash Photolysis cf Rhodopain in Solution.
Dissertation Abetr. 20, 2782 (1960). [Chem. Abstr. 54,
11662by ]

Nicotinamide 2. Alechinsky, A., and Reuse, J. Nicotinamide in

Histidine Relation to Histidine Irradiation by Light. Compt. Rend.

Soc. Biol. 140, 1224 (1946). [Chem. Abstr. 42, 626b.)

Diazirine 3, Amrizh, M. J., and Bell, J. A. Photcisomerization of
Diazirine. J. Am. Chem. Soc. 83, 292 {1964).

Methylene blue 4. Angelescu, E., and Cornea, F. Mathylene Blue Reaction
Thiourea Witk Thiourea in Light. Analele Univ. "C. I. Parhon"
Ser. Stiint. Nat. 9, No. 26, 123 (1960). [Chem. Abstr.
59, 1452c.]

Pyridones 5, Ayer, W. A., Hayatsu, R., de Mayo, P,, Reid, 8. T.,
and Stothers, J. B, Photodimers of Pyridones. Tetra-
hedron Letters, No. 18, 648 (1961).

Ferrocyanide- 6. Balzani, V., Caraeaiti, V., and Loocs, R. §. Substitu-
2, 2'-bipyridine tion Reactions in the Ferrocvanide-2, 2'-bipyridine, and
Ferrocyanide- Ferrocyanide-1, ] 0-phenanthroline Systems. Ann, Chim.
1, 10-phenan- (Rome) 54, 103 (1964). [Chem. Abatr. 61, 10220h. ]

throline
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2, 2'-Bipyridine 7. Balzauni, V., Carassiti, V., and Mogyi, L. Light
and o-phenan- Induced Decomposition of Tetracyanoferrate Complexes
throline tatra- of Bipyridine and o-Phenanthroline. Ann. Chim. (Rome)
cyanoferrate 54, 251 (1964}, {Chem. Abstr. 61, 51201, :
campiexes
2,4-Dimethyl- B. Barnzoei, O., aiu Brighenti, i. o i-Dlaeluyitbasuie :
thiazole Action on Yeast and Light, Boll. Soc. Itai. Biol. Sper. :
Yeast 30, 461 (1954). [Chem. Absatr. 49, lBTZ(L}
Photography 9. Delgian Patent 557, 657 {to Kodak So:. Anon.). Photo-
Pyridine graphic Emulsions Supersensitized by Fyridine or Pico-
sensitizer line. June 15, 1957. [Chem. Abstr. 54, lsi3a.)
Picoline
sensitizer
Benzotria- 10. Belgian Patent 628,131 (to Societa Generale per
zoles Vindustria Meneraria e Chimica). Light Stabilizer,
Benzotriazole Hydroxy Derivatives. August 7, 1963, E}
[Chem. Abstr. 60, 14688b. ) :
Malononitrile li. Belgian Patent 633,103. Heterocyclic Compounds Resis- ;
derivatives tant to Light. Phenyl-(2-thienylmethylene)malononitrile. .
Phenyl-(2-thi- October <1, 1963, {Chem. Abstr. 61, 8279i.)
enylmethylene)-
mg\n,—.n—.hrilc

Methyl and 12, Bencze, W. L., Burckhardt, C. A., and Yost, W, L. ;
phenyl pyridyl Photochemical Preparation, Rearrangement, and Dehy- f
glycols dration of Symmetrical Methyl and Pheryl Pyridyl Gly- !
Pyridyl glycols cols. J. Org. Chem. 27, 2865 (1962).

Ketones

Pyridyl ketones

Dihydropyri- 13, Berson, J, A,, and Brown, E. Irradiation of Dihydro-

dine pyridines. J. Am. Chem. Sogc. 77, 450 (1955),

3-Indoleacetic 14, Barthelot, A., and Amoureux, G. J-Indoleacetic Acid ‘
acid From Tryptophan by Action of Light. Compt. Rend.

Tryptophan 206, 699 (1938). (Chem. Abstr. 32, 410610,
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J-Indoleacetic 15, Berthelot, A., Amoureux, G., and Deberque, 5.

acid J-Indoleacetic Acid From Tryptophan by Action of Ultra-
Tryptophan violet Light, Compt. Rend. Soc. Bicl. 131, 1234 (1939).

[Chem, Abstr. 1, 4345:1

Pyrimidinea 16. Beukers, R., and Berenda, W. Effect of Paramagaelic
Cuvdimucue wib Lhe Lunvuieiun of Sorme Pyrimidine Deriv-
atives by Ultraviolet Radiation. Riochim, Biophys.
Acta 38, 573 (1960). [Chem. Abstr. 54, i6499d.]

Pyrethrin 17. Blackith, R. E. Fyrethrin Decompoaition by Light.
. Sci. Food Agr. 3, 219 (1952). [Chera. Abstr. 47,
3503eh. |

Rhodopsin 18, Blisa, A. F. Rhodopsin Transformation to Yallow
Lipida in Light. J. Biol. Chem. 172 165 (1948),
[{Chem. Abatr. 4¢, 30021, ]

Thiopyronine 19. Boehme, H., and Wacker, A, Mutageaic Activily of

Methylene blue Thiopyronine and Methylene Blue in Combination With
Visible Light. Biochem. Biophys. Res. Commun. 12,
137 (1963). [Chem. Abetr. 60, 11095¢.]

Carbazole 20, Bowen, E. J., and Eland, J. H. 2. Carbarcle Forma-

NDiphenvlamine tion From Diphenvlamine in Presence of Light., FProc,
Chem. Soc., £0Z {1963}. {Chem. Abetr. 39, 9493a.]

1.Tndouleacetic 21, Brauner, L. 3-Indolescetic Acid Decomposition. Natur-

acid wissenschaften 40, 23 (1953). [Chem. Abstr. 47,
12000g. |

J.Indolraceric 22. Brauner, L. 3-Indoleacetic Acid Decomposition by
acid Light. 7. Botan. 41, 291 (1953). [Chem. Abestr. 48,
529%6a.’

3.lndoleacetic 23, Brauner, L. 3-Indoleacetic Acid Decompositior. by
acid iight., Z. Botan. 42, 83 {1954; A T
6842h. ]

T4l Y . L
Cherm, Absir, 48,

sy

Visual pig- Z4. Braidges, C. D. B. Frlash Photolyeig of Visuxsl Fign‘.ems,
ments 1. Pigments Present in Frog-Phaedopsin Solutions After,
Rhodopsin Flash Irradiaticn. Biochem. J. 73, 128 (196l). [Cherm.

Abstr. 55, 22396h.}
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mrédgas, C. D, B. Production of Thermally Stable

- asitive Figments in Flash Irradiated Solutions of
Frog %%u}éaﬂsm Biochem. J. 79, 135 (1961}. {Chem.
2 5, 223972}

Fustochemical Rearrangement of Quino-
Acta Chem. Scand. 17, 1461 (1963).

are " . 2 2
Buchardr, .

line-M-nxide.

Buchard:, Q. Sizucture of the Photodimers of Carbo-
styril and N-Methylcarbostyril. Acta Chem. Scand. 18,

Buchardt, O., Becher, J., and Lohse, C. Photorear-
rangercent of Methyl Substituted Quinoline-N-oxides.
Acta Chem. Scand. 19, 1120 (1965).

Cantieni, R. Effect of Light on Pyridine Mixtures With
Sugars, Mopnohydric Alcohols and Acetcne. Helv., Chim.
Acta 18, 1420 (1935). [Chem. Abstr. 30, 16623.]

Carassiti, V., Condorelli, G., and Costanzo, L. L.
Photochemistry of Silver Dipyridyls. Ann. Chim.
{(Rome) 54, 303 (1964). [Chem. Abstr. 61, 5120f.]

Carter, C. E. Effect of Light on Adenosine Triphosphate
and Diphosphopyridine Nucleotide. J. Am. Chem. Soc.
72, 1835 {1950).

Chapman, O. L., and Hoganson, E. D. Photoisomeri-
zation of 1-Aza-3,5, 7-trimethylcyclohepta-4, 6-dien-
2-one. J. Am. Chem, Soc. 86, 498 (1964).

Cﬂ rdd w. E Urazil Decomposition by Light. Radia-
tion Res. 1, 523 (1954). [Chem. Abstr. 49, 4412e.}

Internal Photoaddition
J. Am.

Corey, E. J., and Streith, J.
Reactions of 2-Pyrone and N-Methyl-2- pyndone.
Chem. Soc. 86, 950 (1964).
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"’1, H., G., and Zelwood, P. W. Effect of Light
~-Benzothiazyl Diguliide. J. Am. Chem. Soc. 0.
[Chem. Abstr. 4Z, 2485a.]

e, M, Action of Light cnn Aquecus Sclhiationz of
ridine Derivatives of Iridium and Rhodium.
Rend. 240, 2468 (1955).
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Delépine, M. Effect of Light on Aquecus Solutions of
cis-Dipyridine-tetrachloro Derivatives of Iridium and
Rhodium. Compt. Rend. 242, 27 {1956). [Chem. Abstr.

50, 9883i.]

Delperdange, G. R. Quinine Hydrechloride Seansitivity
to Lagh Effects of-Crystal Form. Rev. Paludisme
Méd. Trop. 6, 103 (1948). [Chem. Abstr. 43, 2839c.]

Deschreider, A. R., and Renard, M. Tryptophan
Decomposgition by Light. Bull, Inst. Agron. Sta. Rech.
Gembloux 23, 269 (1955). [Chem. Abstr. 50, 3904f.]

Deschreider, A. R., and Renard, M. Tryptophan
Irradiated by Light. Spectrum of. Bull. Inst. Agron.
Sta. Rech. Gembloux 23, 151 (1955). [Chem. Abstr.
49, 15482e. ]

Dessauer, R., and Parin, J. P. Photochromism of
2-(2', 3'. Dinitrobenzyl)pyridine, Xanthylidineaathrone,
Spirans, and Methylene Blue. Advances in Photochernis-
try. Vol l, p 275. Interscience Publickers, Inc.,
-1963.

Doepfoer, W., and Celetti, A. The Formuation of Sern-
tonin From 5-Hydrosytryptophan With Ultraviolet Irradia-
tion. Expericnatia 14, 376 (1958). [Chem. Abstr. 53,
14015e. }

Elliott, R. P, Pyoverdine Decomposition by Light.
Appl. Microbiol. 6, 241 (1958). [Chem. Abstr. 52,
18654d. ]
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Pyridine

Histidine
Imidazole

44.

45.

4¢€.

47.

48.

49,

50.

51.

52,

n
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Eilis, C., and Wells, A. A. The Chemical Action of
Ultraviolet Rays. Rainhold Publishing Corp., New Yark,
New York. 1941,

Faigi, F., and Anger, V. Fhotopvridine Reaction,
I. Prakt. Chem. 139, 180 (1934). [Chem. Abstr. 28,
23345, )

Fialkovskaya, O. V., and Terenin, A. N. Pyridine
Adsosbed on Silica Gels Irradiated by Light. Izv. Akad.
Nauk SSSR Otd. Khim. Nauk, 226 (1951). [Chem.
Abstr. 45, 9374g.]

Flemming, K, Mechanism of Histamine Formation in
Histidine Solution Irradiated With Ultraviolet Light.
Arch. Exptl. Pathol. Pharmakol. 236, 27 (1959].
[Chem. Abstr. 53, 103504d.]

Freeman, H. C., and Le Févre, R. J. W. 1, 3-Diphenyl-
triazine Decompuosition & Light. J. Chem. Soc.,2932
(1952). [Chem. Abstr. 46, 10903e.]

Frey, H. M., and Stevens, I. D. R. Photolysis of
Diazirine. Proc. Chem. Soc. 79, (1962),

Freytag, H. Action of Ultraviolet Light on Pyridine

Darivatives. Chem. Bsr. 69B, 32 {1936). |Chem.
ks =]

Abstr. 30, 2966°.
Freytag, H. Photochen..stry of Pyridine and Its Deriva-
tives. FPhot. Korr. 73, 17, 37, 57 {1937). [Chem.
Abstr. 32, °8393.]

“reytag, H. Pyridine Decomposition by Light (Analytical

Princirles). Z. Anal. Chem. 152, 86 {i356). [Cher,
Abstx. 51, 3372b.]

{
Fujiwe.a, T., Takane, ., Morokuma, T., and :

Yarnada, M. Dezompusition by Light of Histamine,
Nagasaki Igakkai
[Chem. Abstr. 49, 2538;. ]

Histidine and Imidazcle Derivatives.
Zasehi 24, 726 (1954).
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Riboflavine 54. Fukamachi, C., and Sakurai, Y. FPhotolytic Formation
of &, 7-Dimethylflavin-9-acetic Acid From Riboflavine.
Shokuryo Kenkyusho Kenkyu Hokoku,No. 10, 207 {1955).
[Chem. Abstr. 53, l4lllc.]

Thiophenes 55, German Patent 955, 379 (to Xalle and Co. Akt. -Ges. ).
Light-Sensitive Material for Reproduction. (Niirated
Thiophene Derivatives). January 3, 1957. [Chem.
Abstr. 54, 12848t.}
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Acridine 56. Giurgea, M., Mihai, G., Topa, V., and Muea, M,

Acridan Photochemical Reactions in Solutions of Acridine aud
Acridan. J. Chim. Phys. 61, 619 (1964). {Chem.
Abstr. 61, 5483h.]

Pyrethrum 57. Glynne Jones, G. D, Pyrethrum Decomposition by
Light. Ann. Appl. Biol. 48, 35Z (1960). [Chem.
Abstr. 55, 2145h.]

Ethylene oxide 58. Gomer, R., and Noyes, W, A, Jr. Photochemical '
Decomposition of Ethylene Oxide. J. Am. Chern. Soc. :
E, 101 (1950).

: Indole 59. Hantsu, S. Photolysis of Indole. Nagasaki Igakkai
3 Zasshi 35, 65 (1960). [Chem. Abstr. 54. 18035b. ]
Rhodopsain 60, Hara, R., and Takagi, M. Effect of lllumination on the
¥ Elecirizal Conductance of Rhodopsin at Low Tempera-

ture. Dobutaugaku Zasshi 69, 255 (1960). [Chem.
Abstr. £5, 20030c, |

Nitrobenzyi- 6l. Hardwick, R., and Mogher, H. 5. y-2, 4-Dinitrobepzyl-
pyridines pyridine Reactions in Presence of light. J. Chem.
Phys. 36, 1402 {1962). [CThem. Abstr. 57, 4222b.]

2-Picoline- 62. Hata, N. 2-Picoline-N-oxide Decomposition by Light.
V¥ -oxide Bull. Chem, Soc. Japan 34, 1440 {1961). [Chem. Absir.
56, 42860, ]

3-Picolinz- 63. Hata, N. 3-Ficoline-N.oxide Decompoasition by Light.
= N-oxide Bull. Cherm. Soc. Japan 34, 1444 (1961). [Che:n. T
% Abstr. 56, 4286e. | g
t
%
13 §




Pyridine-N-
oxide

Formasans

Tetrazgolivm
compounds
Triphenyltetra-
zolium chloride
Formasgans
Triphanylform-
azan

Pyridylacrylic
acid

Riboflavine

Ribofilavine

Vitamin B)
Riboflavine

Riboflavine

Riboflavine

64.

65.

66.

67.

68.

69.

70.

71.

72.

Hata, N., and Tanaka, I. Pyridine-N-oxide Derivatives
Irradiated by Light. J. Chem. Phys. 36, 2076 (1962).
[Chem. Abatr. 57, 58881, ]

Hauszer, 1., Jerchel, D., and Kuhn, R. Rearrangement
of Formazans by Light. Chem. Ber. 82, 515 (1949).
{Chem. Absto. 44, 3927h.]

Hausser, K. H, Decomposition of Triphenyltetrazolium
Chloride and Triphenylformazan., Naturwissenschaften
36, 313 (1949). [Chem. Abstr. 44, 5713e.]

Henze, M. Attempted Polymerization of Pyridyl Acrylic
Acid. Chem. Ber. 70B, 1273 (1937). [Chem. Abstr.
31, 58003, ]

Hioki, H., and Sakurai, Y. On the Inhibition of Ribo-
flavine Photolysis With Apple Juice. Bitamin (Kyoto) 8,
380 (1955). [Chem. Abstr. 51, 18027abd. )

Hioki, H., and Sakurai, Y. On the Photclytic Formation
of 6, 7-Dimethylflavine-9-acetic Acid From Riboflavine.
Bitamin (Kyoto) 7, 1014 (1954). {Chem. Absir. 51,
18026gi. )

Hioki. H., and Sakurai, Y. Vitamin Bz Photolysis, V.
The Photolytic Formation of 6, 7-Dimethylilavine-9-
acetic Acid Ester From Ribeflavine. Bitamin (Kyoto)
7, 939 (1954}, [Chem. Abstr. 51, 18026gi. ]

Hioki, H., and Sakurai, Y. Why Fructose Inhibits the
Photolysis of Ribeflavine in Alkaline Solution. Bitamin
(Kyoto) 9, 221 (1955). {Chem. Abstr. 51, 18027abd. )

Holmstroon, B., and Oster, G. Riboflavine as an Elec-
tron Donor in Photochemical Reactions. J. Am. Chem.
Soc. 83, 1867 (1961). [Chem. Abstr. 55, 19429e.]
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Ignstieff, V. Effect of Light on Reduction of Ferric lon
by Citrate and 2, 2'-Bipyridine. J. Soc. Chem. Ind. 55,
407 {1937). [Chem. Abstr. 32, 13769.]

Inoue, M., Takano, N., and Morockuma, T. Imidazole
Acetic Acid Decomposition by Light. Nagasaki Igakkai
Zasshi 29, 549 (1954). [Chem, Abstr. 48, 13759Db.]

Ippen, H. Effect of Light on Phencthiazine and Sulfona-
mide Derivatives. Proc. Intern. Congr. Photobiol., 3rd,
Capenhagen 1960, 509-514 (Pub, 1961). {(German).
[Chem. Abstr. 60, 6054e.]

Ishiguro, 1., Kato, Y., and Suguira, M. The Mechanism
of Riboflavine Photolysis and Its Stability. Gifu Yakka
Daigaku Kiyo B, 49 (1958). [Chem, Abstr. 53, 10321i,]

Itai, T.. and Kamisja, S. 4-Azidopyridine Related
Compounds Cleavage by Light. Chem. Pharm. Bull,
(Tokyc) 9, 87 (1961). [Chem. Abstr. 55, 27338c.]

Italian Patent 652, 828 (to Montecatini}.. Stabilizer for
Olefin Polymers; 1, 2-Bengisothiazolin-3- one-1,1-
dioxide. February 23, 1963. [Chom. Abstr. 60,

9437h.)

Ivanoff, Nira. Ac«ion of Ultraviolet and y-Radiation on
Solutions of Acridine. I, Quantum Yield for the Reac-
tion of Acridine and 9-Methylacridine With Carbon Tetra-
chloride. J. Chiin. Phys. 55, 768 (1958). [Chem.
Abstr. 53, 19534h.]

Ivanoff, Nina, and Walch, France. Action of Ultraviolet
Light on Soluticns of Acridine (Halogenated Solvents).

J. Chim. Phys. 56, 574 (1959). [Chem. Abstr. 5!,
16112fi. ]

Jambor, B. Reactions of Tetrazolium Compounds in
Pharmazie 13, 277, 282, 411,
[Chem. Abstr. 53, 4264f.)

the Presence of Light,
414 (1958}.
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tions of Acridine in Hydrogen Solvents. J. Chim. Phys.
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Acridan
Acridine

Acridine dyes

Adenosine triphosphate
Alkylpyridine

Aminoptarin
2-Aminopyridines
4-Aminopyrimidines
Arylpyridine

ATP
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Azepin-2-one derivatives
4-Azidopyridine

1, Z*Benziaothiazolind-one-1, 1-dioxide
Benzo[alpyrene

2, 2'-Benzothiazyl disulfide
Benzotriazole derivatives
Benzotriazoles

4, 4'-Bipyridine

2, 2'-Bipyridine

Carbazole

1-Chloropiperidine
Chlorpromazine
Cytosineg

Diazirine

2, 2'-Dimethyloxetane
4, 6-Dimethyl-2-pyrone
2, 4-Dimethylthiazole
Dihydropyridine
Dihydroxyquinoxaline
1, 3-Dimethylthymine
1, 3-Dimethyluracil
Dinitrobenzylipyridine
Dinuclectides
Diphenylamine
Diphosphopyridine nucleotide
Dipyridinium bromide
Dipyridyl
Dipyridylethylenes
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Dypnone oxide

}, 1'-Ethylena-2, 2'-dipyridinium bromids
Bthylene oxide

Ferric salts
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